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ABSTRACT
The Cal Poly High Bay Testing Lab recently acquired hydraulic actuators for structural testing. The
actuators are used for performing force and displacement tests on structural specimens designed and
built by students and faculty. The existing frame that the old actuators mount to did not have enough
capacity to accommodate the amount of force that the new actuators are capable of. There was a need
for new reaction frames to be designed and constructed so the new actuators could be used to their full
potential. The following report explores two different options for possible reaction frames in the lab.
Both options have a similar geometry of the frame itself, however the base conditions in each frame are
different. The frames will be built and used in structural tests of all materials and sizes for years to come.

This material is based upon work supported by the National Science Foundation under Grant
No. 2019198. Any opinions, findings, and conclusions or recommendations expressed in this
material are those of the author(s) and do not necessarily reflect the views of the National
Science Foundation.
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1.0 INTRODUCTION
1.1 PURPOSE
The purpose of this report is to outline the design of a reaction frame for the new actuators granted to
the Architectural Engineering Department for the High Bay Laboratory at California Polytechnic State
University, San Luis Obispo.

1.2 SCOPE
This report includes the schematic design and design development of two different possible options for
a new reaction frame to accommodate the newly acquired hydraulic actuators – a concrete and a steel
option. Both frames have similar geometries but differ in the base conditions. One has a concrete block
foundation and the other has a steel plate foundation. Steel and concrete were decided on based on
their stiffness and cost. There were various uncertainties in the investigation of the strength of the
existing floor so conservative values for rebar and concrete strength were used. Many aspects of the
frame design were touched on, but not fully designed and developed due to time restrictions.

1.3 OVERVIEW
The final products of this report are two sets of engineering drawings to send off to steel fabricators for
construction. There is a set for the concrete base option and a set for the steel base option. The
Architectural Engineering faculty will decide which option is the most suitable for the needs of the High
Bay Testing Laboratory based on various factors which will be explained in the discussion portion of the
report.

1.4 FUTURE WORK
In the future, an additional frame will be erected in the adjacent bay, so considerations were made in
how to share the bolt holes in the strong floor and attach new frame foundations to the existing ones.
These considerations were made for both the steel and concrete base options. Considerations were also
made for possible vertical loading of specimens with the actuator by making a moment connection
between the wide flange columns and beams of the frame.

7

2.0 PRECEDENTS
2.1 PRECEDENT STUDY OF OTHER FRAMES
Many different university testing facilities and commercial testing facilities were investigated to
determine the materials, geometry, and possible base conditions of the new reaction frame. One of the
most common options found in many of the most advanced testing facilities was a concrete strong wall.
Universities such as UCSD and Texas A&M have implemented strong walls into their labs, and the
possibility of a strong wall was considered in a separate Cal Poly senior project report done in 2008 (see
Figure 1). The issue with the strong wall in the Cal Poly Testing facility is that it would be expensive to
erect and would likely be cast in place concrete, so it would be a permanent fixture High Bay Lab.

Figure 1: UCSD Strong Wall in the Charles Lee Powell Testing Facility

Aside from the concrete strong wall option, modular concrete blocks were explored as well as an
exclusively steel reaction wall (see Figure 2, Figure 3). Since there were issues in fabrication costs and
space requirements, the steel strong wall was not feasible. The modular block option was expanded
upon and eventually evolved into one of the current frame ideas, where the modular blocks became the
base, and a steel frame would be placed on top of them.

Figure 2: UPC Modular Concrete Wall [2]

Figure 3: USC Large Scale Steel Reaction Wall [1]
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Ultimately it was determined that the frame itself be made of steel wide flange sections with a
geometry similar to a reaction frame found in the Simpson Strong-Tie Tye Gilb Lab in Stockton, California
(see Figure 4).

Figure 4: Reaction Frame at Simpson Strong-Tie in The Tye Gilb Lab

2.2 SIMPSON VISIT – FRAME TOUR AND PHOTOS
Students and advisors had the opportunity to visit Simpson Strong-Tie in Stockton, CA to tour the facility
and talk with the engineer of the frame (see Figure 7). Their testing lab included multiple different
testing rigs for lateral and vertical loading as well as static and dynamic loading. The frame that was used
as a precedent for the new reaction frame in the High Bay Lab was an entirely steel frame that consisted
of built-up wide flange sections for the columns and braces, and HSS sections for the out of plane

Figure 5: Reaction Frame in The Tye Gilb Lab

Figure 6: Inside the Strong Floor in The Tye Gilb Lab
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bracing (see Figure 4). The frame is bolted into their strong floor (see Error! Reference source not
found. and Figure 5Figure 5: Reaction Frame in The Tye Gilb Lab) and is around 30 feet tall with a
capability of being loaded at any location along its height and was designed to be able to resist up to one
million pounds of force applied to the top. The visit solidified the geometry and material choice for the
High Bay Lab reaction frame.

Figure 7: Students getting a tour of The Tye Gilb Lab from Mike Wesson

2.3 SIMPSON VISIT – DESIGN SESSION
The engineer behind Simpson’s 30-foot reaction frame, Mike Wesson, agreed to a design session with
the students and advisors to discuss the various considerations for designing the new frame at Cal Poly.
Both the concrete and steel options for the new reaction frame were discussed with Mike. The main
takeaways were that it was important to limit deflections and create a stiff enough frame to not
interfere with the accuracy of the data collection. The steel option was preferred by Mike because it was
stiffer; however, fabrication and steel costs would be very high and the new reaction frame funds were
limited. Questions regarding general strength of the floor and loads that the frame would experience
were explored using the help of Mike’s intuition given his experience in the structural testing field.
Mike was able to provide the group with information on how to connect the actuator to the frame with
a beam that can move vertically to any position on the frame. This allows for tests of all heights to be
performed with ease. He also provided feedback on how much deflection seems reasonable based on
what tests are conducted. The goal was to keep deflections at or under the l/1000 limit, which gave a
limit of 1/8” deflection at the top of the frame.
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The design session provided a lot of good insight and information to be taken back to Cal Poly and
applied to the new reaction frame there.

3.0 EXISTING CONDTIONS
3.1 BOLT SPACING
The existing strong floor was previously designed with anchorage points on a three-foot-by-three-foot
grid. This was the limiting configuration to spread out the forces from the actuator which limited the
geometry of the frame (see Figure 8). The number of available bolts that could be used was also limited.
The lab has two bays for testing and a portion of the floor is used to anchor the testing specimens within
the space of the Simpson Strong Frame, and the new reaction frame could only take up one bay. This
limited the footprint of the frame to a 4 bolt by 4 bolt square outlined in Figure 8.

Usable space for the
new reaction frame.

Figure 8: Existing High Bay Floor Geometry [4].

3.2 BENDING CAPACITY OF THE STRONG FLOOR
One of the beginning steps of the design process was to check the bending capacity of the strong floor
to see if it was adequate for the new loads that would occur due to the new frame and actuator. The
11

strength is one of the limiting factors because the floor needs to be stiff enough so that it would not be
damaged by the high forces. Construction drawings for the floor were used to determine the amount of
reinforcing in the floor, the floor depth, and the size and strength of rebar. A section cut of the floor can
be seen in Figure 9.

Figure 9: Section cut of the existing Strong Floor [4].

The rebar yielding strength was assumed to be 40 ksi based on the typical rebar used at the time the
floor was constructed. A lower yielding stress was also assumed to include some factor of safety in the
design. If the strong floor was damaged, the entire floor would need to be repaired and replaced which
is costly and time intensive. The overall bending capacity of the strong floor was found to be 218.85 kipft (see Appendix A.3.5).

3.3 BOLT CAPACITY
One of the other major issues was with the rebar hooks that anchored the bolt sleeves into the concrete
of the strong floor. The bolt sleeves are welded to a #11 hooked tie down which extends the depth of
the strong floor (see Figure 9). Since there was uncertainty about the rebar strength because it does not
appear on the drawings, a conservative value of 40 ksi was used, which limited the tension capacity of
each bolt to around 25k each. The frame’s geometry and height were designed with this in mind, so that
the entire capacity of the actuator could be used, but the reactions at the base of the frame would not
exceed the bolt capacity and rip the bolt sleeves out of the floor.

3.3 CRANE HEIGHT AND WEIGHT LIMITATIONS
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One of the limiting factors for the geometry of the frame was the height and weight limit of the crane in
High Bay Lab. When measurements were taken, the max crane height found with the hook completely
retracted was 17’ – 1 1/2”. The height of the existing Simpson Strong Frame used for test specimen
setups was found to be 16’. The frame was not designed to match the maximum crane height so that
there will be adequate space when assembling the reaction frame and while placing the test specimens
and actuator. The crane’s weight limit is 6000 pounds also which limits the size of members that can be
lifted, especially the concrete footings for the base of one of the frames.

3.4 ACTUATOR DIMENSIONS AND ASSEMBLY PROCEDURE
Another limiting factor was the actuator dimensions. The actuator needed to be lifted and attached to
the reaction frame with the crane. There are specific anchor points on the actuator that can be used to
lift it with straps that then attach to the crane. These specific spots were measured and considered
when designing the geometry of the frame so that the actuator could be placed without difficulty. The
dimensions for the anchor points of the actuator are shown in Figure 10.

Figure 10: Anchor points on actuator

3.5 ACTUATOR STRENGTH
The actuators that were received were two MTS DuraGlideTM 201 Hydraulic Actuators. The actuator
capacity is an 82 kip push force and a 54 kip pull force. Since the actual forces going into the frame were
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known, it was designed based on a demand versus capacity with service-level loading to ensure that the
main failure mechanism would not occur in the strong floor or the frame itself.

4.0 STEEL DESIGN
4.1 BASE CONDITION
Based on the geometry of the lab and the desire to maximize the height of the frame, there needed to
be as many bolts engaged in the 4x4 grid as possible. Steel was discussed as a good option to distribute
the forces to four bolts under each column.
The steel base condition is shown below in Figure 11. The column of the frame would be welded to a
steel plate about 1” thick (see Appendix A.3.1 for calculations). The steel plate would be bolted to the
strong floor with four bolts, one on each corner of the plate. A 3’ tall T-shape would be welded to the
center of both column flanges. These T-Shapes are added to reduce the distance from the edge of the
column to the bolts which; therefore, would reduce the amount of bending in the plate. On the T-Shape
flanges, a stiffener would be welded on to help distribute the forces laterally on the steel plate, again
reducing the distance from the edge of the column to the bolts. The smaller the space between the edge
of the columns/plate, the lower the bending force in the plate will be which would also mean there
would be smaller deflections of the plate.

W-Shape Column
T-Section
Stiffener Plate
1” Steel Plate

Figure 11: 3D Steel Base Design

Each steel base condition would engage 4 bolts, for a total of 16 bolts being engaged, each bolt
experiencing 22.2 k of tension force. This calculation is shown in Appendix A.3.10 for the concrete base
option. The frame is the same height and engages the same number of bolts, so the demand on the
bolts is the same for both the concrete and steel base options.
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4.6 DRAWINGS
Design drawings were created for the steel option which can be seen in Appendix A.4.1. These drawings
included a plan view, elevation, 3D view, material take off, and connection details. A material take off
was included so the steel fabricator and Simpson Strong Tie could provide a cost estimate for the frame.

5.0 CONCRETE DESIGN
5.1 BASE CONDITION
Because it was necessary to max out the height of the frame and the force of the actuators, the footings
for the frames would have to engage as many bolts in the strong floor as possible while remaining within
the allowable space in the lab. Concrete was determined to be a viable footing option because it is a
cheap and stiff material that the frame columns could easily be anchored into. The blocks would also
retain stiffness while spanning the 3 feet between bolt holes in the strong floor.
The footings were sized based on the weight limit of the crane as well. The crane is only capable of
carrying 6,000 pounds which meant that there had to be four individual blocks for the footings. The 4.5’
length was decided upon so that the block would span to reach the two bolts which were 3 feet apart
and add 9” on either side to account for tear out of the bolt. The blocks extend 5’-2.75” so that the block
for the front and back column would be as close together as possible for the shear transfer of lateral
loads. The half inch gap between the two front and back blocks would be filled in with hydrostone, a
plaster-like material that would act as a temporary glue.
A section view of the concrete base can be seen in Figure 12. There would be ten 1” diameter anchor
bolts cast into the concrete extending down to within an inch of the bottom of the footing. The anchor
bolts would attach a 2’x2’x1” steel plate to the base of each column. The plate was sized so that there
was at least 3” between the bolts and the edge of the plate. Plate is an inch thick to increase the
stiffness and minimize plate bending. The plate Is attached to the base of the column with a 5/16” fillet
weld.

Figure 12: Concrete Base Section
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The rebar design for the concrete footings has not yet been performed, only the geometry of the blocks
and the location of the base plate on the blocks has been determined. Further analysis is needed to
determine the rebar layout within the concrete footings to size and place transverse and longitudinal
rebar and shear stirrups. A senior project in 2021 was to design similar concrete footings in for mounting
testing specimens in the lab, so a similar method could be used to design the concrete footings for the
frame [3].

5.2 DESIGN DRAWINGS
Design drawings were created for the concrete option which can be seen in Appendix A.4.2. These
drawings included a plan view, elevation, 3D view, material take off, and connection details. A material
take off was included so the steel fabricator and Simpson Strong Tie could provide a cost estimate for
the frame.

6.0 RISA ANALYSIS
6.1 2D FRAME CALC
A simplified 2D diagram helped to determine the reactions at the front and back of the frame (see
Appendix A.1.1). Since the calculation looked only at one side of the frame, half of the maximum
demand load of 82 k was used, which was a 41 k load applied at the top of the frame. The base reactions
that were determined were then divided by 4 because each reaction would be resisted by 4 bolts in the
floor. The force per bolt was compared with the 25 k limit that was determined beforehand.
Since there are only 16 total bolts to resist the actuator force, the maximum height that could be
reached with the frame was 13 feet. Under each column, 4 bolts would be engaged which would limit
the force in each bolt to be 21.2k, which is less than the 25k capacity (see Appendix A.3.10). Other
constraints in high bay such as the maximum crane height, also limited the height of the frame to the 13
feet. To determine the depth (spacing of the columns) of the frame, the base condition needed to
evenly distribute the force to all 4 bolts, so bolts were over capacity while also creating a maximum
moment arm to minimize the forces in the base of the frame. With these considerations in mind, the
final spacing of the columns ended up being 6’.
After determining the height and width of the frame, the next step was to determine the intermediate
members. The frame was modeled in RISA 2D, a structural analysis software (see Figure 13). The
member sizes were found based on the deflection at the top of the frame. The frame needed to be stiff
enough to not exceed a deflection of 1/8” at the top of the frame. After multiple iterations, the truss
member sizes were determined to be HSS9x9x1/2. For the final member stresses and nodal deflections,
see Appendix A.1.
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Figure 13: 2D Frame modeled in RISA 2D

6.2 3D FRAME ANALYSIS
To analyze the in and out of plane loading of the two frames, both were modeled in RISA 3D, a structural
analysis software. The concrete frame differed from the steel frame because of the height difference
and the base conditions. The steel’s frame was the full 13’ tall and the concrete’s steel frame was only
11.5’ because the concrete blocks themselves were 1.5’ tall. This difference slightly changed the brace
geometry between the two frames and therefore affected the axial forces in the members.
To model the 3D frames, the front and back columns were continuous A992 steel W12x65 sections. The
W12x65 wide flanges that spanned across the top of the columns were modeled with moment resisting
connections to the columns. The brace members were HSS 9x9x1/2 that connected to the columns with
moment releases so that they would act like truss members and experience axial force only. Gusset
plates were not considered in the 3D analysis of the frames. At the top of the front columns there was a
W12x65 beam that was rotated 90 degrees and connected with moment releases to the face of the
columns. This was the beam that the actuator would be mounded to, so the loads were applied to this
beam in the model. See Figure 14 for the 3D frame modeled in RISA 3D.

17

Figure 14: 3D Frame modeled in RISA 3D

The exact base conditions for the steel and concrete frames were not modeled for the preliminary
design, only the steel frame above was modeled. Although the exact base conditions were not modeled,
the base fixity assumptions differed for each frame which was accounted for in each RISA model. The
steel base frame has fixity in the out of plane direction because of the large stiffener plates welded to
the base plate of the columns, and a pinned connection in the in-plane direction. The concrete base
frame was modeled with a pinned connection at the base because the column was welded to the base
plate with no added stiffeners, and the exact behavior was unknown, so the conservative approach was
to model it as pinned.
The loading of the frames consisted of in and out of plane loads applied to the wide flange at the face of
the two front columns, and the forces and stresses in each member were determined. The actuators
maximum capacity was 82k, so that was the service-level load that was applied laterally to the front of
the frame. The 82k force was also applied laterally at an angle of 5 degrees from perpendicular to
account for possible out of plane loading from the actuator.
Once the loads were applied the analysis was run, the main output of interest were the node
deflections, node reactions, member stresses, max member forces, and the demand capacity ratio for
the members. Since the frame was relatively small and the forces were relatively low, member strengths
and stresses were not likely to govern the design, the more important factor was the deflection. Limiting
deflection of the frame was important because the data from the structural testing being performed
with the use of the frame needed to be as accurate as possible. The results of the RISA 3D analysis are
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shown in Appendix A.2 which includes frame and nodal assignments, nodal deflections, and member
stresses.

7.0 CONNECTION DESIGN
7.1 MOMENT FRAME CONNECTIONS
One of the connections that needed to be designed was the moment connection from the columns to
the cross beams that connect the two sides of the frame together. A moment connection, although
more expensive, was chosen for this connection to limit the amount of out-of-plane deflection that the
frame would experience if there were loads in that direction.
The connection beam will be bolted onto a plate that is then welded on to the top of the column (see
Figure 15 for a schematic sketch). Because the project was in the design development phase, the exact
length and thickness of the weld, the plate thickness, and the number of bolts and bolt placement were
not calculated.

Figure 15: Moment Frame Connection Sketch

7.2 BRACE CONNECTIONS
The braces would connect to the columns through gusset plates that would be welded to the columns.
The gusset plates were estimated to be a half inch so that they could match the relative web thickness
of the W12x65 column. Each brace would be slotted and framed into the gusset plates so it could then
be welded on. The welds would be 5/16” fillet welds, the largest single-pass weld with a 70 ksi strength.
Each brace would have at least 9 inches of weld on each side, a safe estimate for the preliminary design
of the connections. The demand at each brace was determined from the axial forces in each brace in the
RISA 3D output. For members framing into the connection at a diagonal, the resultants were calculated,
and the x and y forces were determined. The demands of each brace were compared to the capacity of
the welds on the gusset plates to check if the welds were strong enough. The calculations are in
Appendix A.3.7-8.
19

7.3 CONNECTION DRAWINGS
The design development drawing set includes the connection details for both the steel and concrete
options which can be seen in Appendix A.4.3-4. The gusset plate connections were included in the
drawing set so that the steel fabricator can provide an accurate cost estimate for the fabrication of the
frame. The steel design package includes a detail for the base condition since the steel fabricator would
put together the base of the steel base.

8.0 DISCUSSION
8.1 PRO AND CON LIST
Since both the concrete and the steel base options were pursued, the decision of which frame to
implement in the structural testing lab still needs to be determined. A pro and con list was assembled
for each option to help decide which frame would best fit the needs of the lab. Several different factors
are considered in the tables below, the steel option pros and cons in Table 1 and the concrete option in
Table 2.
Table 1: Steel Base Option Pro and Con List

PRO
•
•
•
•
•

CON
Steel manufacturers can do most of the
fabrication
Easier to combine base with duplicate
adjacent frame in the future
Easier to erect in high bay
Would be shipped mostly completed
Fixed base connection so less deflection
at the top of the frame

•
•
•
•

More Expensive
High forces in the frame
More fabrication required

Table 2: Concrete Base Option Pro and Con List

PRO
•
•
•
•
•

CON
Less Expensive
Opportunity for CM to help on the
project
Less fabrication cost with welds
Similar footing already designed
Shorter frame means less steel and
smaller forces in the frame

•
•
•

Need help from CM for construction
More difficult to combine base with
adjacent frame
Takes longer to construct, project
would extend into fall quarter.

20

•
•
•

Blocks could be reused for other
purposes
Stiffer than steel
Concrete blocks could be cast with bolt
casings so that specimens could be
mounted for vertical loading

•

•
•

Modeled as pinned connection at base
of columns, therefore less stiff and
more deflections
Heavier/harder to move
Design of stirrups in additional block for
adjacent frame

8.2 STRONG FLOOR DEMAND VS. CAPACITY
The bending moment demand on the Strong Floor for the interaction of the frame with the test
specimen is shown in Appendix A.3.5. The demand moment was found to be 1,065.99 kip-ft for the 9
feet between the outermost bolt being engaged.
The Strong Floor capacity was found to be 218.85 kip-ft / foot of slab. We multiply this by 9 for the boltto-bolt spacing and find the overall capacity is 1,969.65 kip-ft. The demand/capacity ratio for the slab in
this condition is 0.54, so the floor will remain undamaged in this loading condition.

8.3 ADDITIONAL FRAME ADDED ON LATER
Another consideration for the frames was the possibility of adding an identical frame in the bay next to
the one that the frame was designed for. This bay only has a 3x4 bolt grid to use within the strong floor,
compared to the 4x4 bolt grid that the new frame needs to be designed for. A possible solution would
be to add on to the right footings of the existing frame so that instead of just having two bolts to use,
the right of the existing frame and the left of the new frame would share a single footing.
The two frames would not be able to be used for testing at the same time due to their shared footing,
but adding another useable frame to the other bay allows for multiple tests to be set up at a time and
cuts the turn-around time to set up other specimens once one set of tests have been completed.
Whenever High Bay lab is open for testing, multiple tests are being run and scheduling and setting up
and tearing down equipment can limit the number of tests performed. Having the ability to run multiple
tests in a row would be valuable.
The steel base frame’s shared footing would be an additional steel base plate that would be welded
onto the existing one, and steel plate stiffeners could be welded to the existing stiffeners as well. There
would be two holes in the steel base plate for bolting into the strong floor. The schematic is shown
below in Figure 16.
The concrete base frame’s additional footing comes with different challenges. The rebar and shear
stirrups would be discontinuous and the blocks themselves would need to be post-tensioned together to
truly distribute the load between each other. The column’s base plate would also have to be
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reconsidered so that the anchor bolts for the new base plate would not be too close to the edge of the
additional block. The different schematic layouts for the two blocks are shown in Figure 17.

Figure 16: Adjacent Frame Schematic (Steel Base Option)

Figure 17: Adjacent Frame Schematic (Concrete Base Option)
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9.0 DESIGN IMPACT
The structural tests that the reaction frame is involved in could have profound health, safety, global,
cultural, social, environmental, and economic impacts.

9.1 PUBLIC HEALTH AND SAFETY
Structural testing is valuable for public health and safety. To find out if new structural elements are safe
for use in buildings, they must go through various stages of testing. The more tests that new concepts
and designs go through, the more confident engineers can be in their designs, and the more confident
the public can be in engineers.

9.2 GLOBAL IMPACT
Although one small frame in a testing lab may seem to not have a large global impact, the schematic
design for this frame will be uploaded to the Cal Poly digital commons for people all around the world to
access. If others have a similar layout or load requirements in their testing lab, these two frames give
them options for where to start in their design.

9.3 CULTURAL IMPACT
Students of many backgrounds come to learn at Cal Poly. The students interested in structural testing
and architectural engineering who perform tests in the lab using the actuators and the new frame can
bring the results of their testing to their future endeavors, wherever they might decide to work after
finishing college. All students who show interest in the labs are encouraged to get involved.

9.4 SOCIAL IMPACT
This frame will allow for the possibility of testing newer and safer materials, connections, members, etc.
which will create safer buildings. When buildings are safer, society feels better about being in those
spaces which hopefully will lead to an improved society

9.5 ENVIRONMENTAL IMPACT
One of the more popular types of structural design nowadays is resilient design. A resilient design is one
that can withstand disasters such as earthquakes without sustaining much damage or needing many
repairs. Buildings that are designed for life safety allow people to escape the building in the event of an
earthquake, but the building might have to be torn down or many costly repairs might have to be done.
Because resilient buildings do not need as much replacement material, this makes them more
environmentally friendly. The fact that the entire building can be saved and requires little repair after a
disaster also means that resilient design is cost effective. The structural elements that make resilient
buildings able to withstand such high loading such as special moment frame connections, plywood shear
walls, buckling restrained braced frames are frequently tested in structural labs like High Bay Lab before
they can be used by the public. The new frame will aid in the structural testing of these elements.

23

9.6 ECONOMIC IMPACT
Economically, this frame will cost a lot to gain the materials and fabricate; however, as more tests are
performed on resilient designs and those designs are used in buildings, the cost of repairing damage
buildings will decrease.

10.0 CONCLUSION
Designing a small thirteen-foot frame seems like a simple task at first, but several design challenges
were encountered along the way. The most difficult but also the most important aspect was figuring out
what the limitations and existing conditions of the lab were. From then on, the design came together by
catering to those factors. Through many iterations, two ideas were finally settled on and expanded into
viable options for the final frame design.
With the bolts being the limiting factor on force, the most important part of the design was to create a
footing that was able to attach to the bolts in multiple locations, and choosing a material for the
footings that would be stiff enough to withstand the actuator force. After that, the frame above the
footings was simply decided upon by looking at precedents of frames used in other testing labs, the
main inspiration being Simpson Strong Tie’s frame in their testing lab in Stockton, California.
Once the geometry for the frame was decided upon, multiple analyses were run on the frame with
preliminary member sizes in order to determine if member forces and stresses were within allowable
limits, and deflections were under an eighth of an inch. Member sizes were tweaked until this was
achieved.
After the designs were verified, models were created in Revit so that the frame could be viewed within
the context of the lab. The drawings were also important in getting a general feel of how big the frame
was going to be and how large the members would be. Once the model was put together, a set of
drawings with different specs were assembled and details were created, the most important being the
connection details.
The details included connections from the brace members to the gusset plates, moment connections
between the wide flange beams, and connections to the footings. Once the geometry was determined,
the welds needed to be designed to see if they had enough capacity withstand the member forces from
the analysis. The connection details were combined along with plans and elevations to create a full set
of drawings to give to a steel fabricator for cost estimates.
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10.1 PERSONAL REFLECTION
Addie Overall, starting this project was very daunting. We had no idea of where to begin designing other than
what we knew had worked in the past for other testing labs and the design limitations of our lab such as
the max height or allowable space or the bolt strength. The best way to start though was to just be
creative. Through many iterations we were able to decide what we did and didn’t like, and what could
feasibly be implemented in the lab. A steel frame was doable, but a 30-foot-tall concrete strong wall was
a pipe dream. With a lot of help from advisors that had intuition about what designs would work, we
were able to come up with preliminary designs. The part of this project that surprised me the most was
how little math was involved in the design phase. The most important part was coming up with a shape,
and then we could apply math to the design later and tweak small details to make sure it would work.
I learned that one of the interesting pieces of design is that you need to start from somewhere. You
cannot design the welds for the connection if you don’t know how many members frame into the
connection. You cannot design for the reactions if you don’t know the height of the frame. You have to
start with an initial design so that you can do initial calculations and see whether you are within the right
realm of possibility. Although it was frustrating to go down many paths but only end up choosing one,
each design iteration narrowed down what we finally ended up settling on, either because it was not
what we wanted at at all or it had certain elements that we wanted to take forward.
CassidyWhen I first started working on this project, there seemed to be a clear finish line and a semi-clear path
to get there; however, as the project progressed, the path and even the finish line got a little more
foggy. Timelines were moved as we waited to hear back from outside sources that would hopefully
provide us with valuable feedback so we could move forward. Because of the timelines being moved,
not as much was completed as we had hoped in the beginning. Although this was the case, I still learned
valuable skills that will help me in my career as an engineer.
I learned how the schematic design and design development phases play out – they require preliminary
calculations but are more about geometry and how members will connect and be constructed. We did
not complete many calculations during the project, but we did provide many sketches and brainstormed
many ideas for the frame geometry and connections. I also learned how to effectively work on a team
and how to accurately convey my thought process. Addie and I both needed to understand what the
other was working on and their thought process so we could help each other and so we could
collaborate and check each other’s work.
Overall, this project was a great way to incorporate the material I have already learned at Cal Poly and
use my skills as an engineer to produce a physical set of drawings that will be used to construct the new
reaction frame.
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